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Abstract
The current phase of the IEA Weyburn-Midale CO2 Monitoring and Storage Project is focused on building upon 
the rich dataset and experience developed during Phase I to provide additional understanding of parameters 
important to developing and implementing greenhouse gas storage sites.  During the final phase, a revised, static 
geocelluar model will serve as the heart of the data storage component of the project that can be used by researchers 
in diverse fields including geomechanics, hydrogeology, wellbore integrity, geophysics, reservoir simulation, 
geochemical modeling, and risk assessment among others.  The model is being refined to integrate additional wells 
and additional geological units not included in the Phase I model, including: 1) an “altered zone” of anhydrite and 
dolostone at the updip edge of the Weyburn-Midale reservoir that forms the caprock to the reservoir subjacent the 
regional seal formed by the Watrous Formation; and 2) a variably thick anhydrite unit, the Frobisher Evaporite, 
present at the base of the reservoir beneath the northern portion of the field.  Both the altered zone and Frobisher 
Evaporite have been added to the model to improve characterization of long-term fluid behaviour in the 
Mississippian aquifers.    
Hydrogeological mapping in the Final Phase will include additional hydrogeological data. In Phase 1 of the 
project straddle pressure tests (those testing across multiple aquifers) were ignored because of their questionable 
applicability for individual aquifer characterization, and issues of aquifer assignment. These previously omitted 
samples are being integrated into the geocelluar model and used to further understand the fate of injected CO2 in key 
Mississippian aquifers (Midale, Frobisher and Ratcliffe). Investigating such straddle tests permits better evaluation 
of the possibility of cross-formational flow between the Mississippian aquifers, and the competency of inter- and 
intra- aquifer evaporites as potential barriers for CO2 migration. 
This paper will demonstrate the utility of using a geocellular model as a method of integrating data from diverse 
research interests on an evolving basis while maintaining an updated status with researcher accessibility.  Integration 
of new geological and hydrogeological data into the model of the Weyburn Midale pool and surrounding area will 
provide the basis for much of the research ongoing in this project and for the simulation of long-term CO2
movement. 
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1. Introduction 
The International Energy Agency (IEA), EnCana Resources, Apache Canada, and other organizations are 
continuing to evaluate the effectiveness of long-term storage of CO2 within a Mississippian carbonate reservoir in 
the Canadian portion of the Williston Basin, in southestern Saskatchewan. The Weyburn Pool is an oilfield 
originally containing about 1.4 billion barrels of oil in place [1]. The Midale pool is slightly smaller and is situated 
immediately to the east of the Weyburn Pool (Figure 1). Both pools produce from the oil-bearing Mississippian 
dolostones of the Upper Midale “Marly” beds of the Charles Formation [2].  
In October of 2000, EnCana initiated a CO2 miscible flood program to increase the production life of the field by 
up to 25 years [3]. In 2005, Apache Canada began a similar enhanced oil recovery project in the neighbouring 
Midale Field. The source of CO2 for both projects is Anthropogenic CO2, carried by a 320-km pipeline from a coal 
gasification plant in Beulah, North Dakota, is injected into the Midale “Marly” beds to reduce oil viscosity and 
increase overall oil recovery from about 35% to 50% of the initial oil in place. Recycled CO2 from produced oil is 
captured and re-injected into the reservoir such that the anthropogenic CO2 used for enhanced oil recovery will be 
permanently stored in the subsurface. 
In the Weyburn area, a detailed understanding of the geological framework is required to asses the ability to 
geologically store injected CO2 securely for hundred to thousands of years. Geological characterization for Phase I 
of the IEA Weyburn-Midale CO2 Monitoring and Storage Project included a comprehensive study of all 
Phanerozoic strata within a 100km radius of the Weyburn field in order to better understand regional tectonics, 
sedimentology, and fluid flow [3]. The Final Phase of the project now includes a more detailed geological study 
focussed more tightly on the Weyburn and Midale fields only, with a study area encompassing 3900 square 
kilometres. In addition, geological characterization will include finer-scale modelling of strata not previously studied 
in Phase I in order to gain a more accurate understanding of subsurface CO2 movement. Other components of the 
geological characterization task include regional seismic studies as well as detailed hydrogeology of deep saline 
aquifers. 
2. Regional Geology 
The study area in southeast Saskatchewan (Figure 1), is located in the northeastern portion of the Williston Basin, 
an intracratonic basin underlying much of the prairie region of Western Canada and the northern Great Plains area of 
the United States. Within this basin, Phanerozoic strata reach a maximum thickness of about 4000m [4], and are 
exploited for petroleum, halite, potash, and other industrial minerals [5]. 
The Weyburn pool occurs at the western edge of a subcrop oilfield trend in southeastern Saskatchewan [1]. 
Mississippian-aged carbonates dip gently to (8 to 10 m/km) to the centre of the basin towards the southwest, and are 
progressively truncated to the north by sub-Mesozoic unconformity (Figure 2). Above this unconformity lie the 
Triassic red beds and evaporites beds of the Watrous Formation. Generally speaking, oil has accumulated in porous 
Mississippian strata immediately below this unconformity [1]. 
3. Geological Modeling 
In Phase I, a detailed geologic model was created for the risk assessment area shown in red on Figure 1 [3]. For 
Phase 2, the concept of aquifers and aquitards (Figure 3) will again be used, but in larger area. The new study area 
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encompasses both the Weyburn and Midale fields and extends from ranges 9-15W2 and townships 4-8, and covers 
nearly 4000 square kilometres.  
The formations above the injection horizon include Bearpaw aquitard, Belly River aquifer, Colorado aquitards, 
Newcastle aquifer, Joli Fou aquitards, Mannville aquifer, and Vanguard aquitard, are alternating thick beds of 
Mesozoic sandstones and shales. The aquitards are predominantly shales, and the aquifers are mostly sandstones, 
although they may be interbedded with thin shales as well [6]. The Jurassic aquifer contains sandstones and porous 
limestones of the Gravelbourg and Shaunavon Formations. The Watrous aquifer is a Triassic aged Formation with 
an upper and lower member. The upper member consists of interbedded shale and anhydrite, and the lower is 
predominantly red bed siltstones and shales with some sandy interbeds.  
At the Base of the Watrous aquifer is the sub-Mesozoic unconformity. Related to this unconformity is a layer of 
anhydritization and dolomitization of Mississippian carbonate sediments informally termed the “altered zone” 
(Figure 2) [7]. This is an important unit to consider as it provides the up-dip seal to the migration of oil and CO2 out 
of the Weyburn Midale pool. 
Within the Mississippian, the Ratcliffe aquifer sits conformably above the Midale pool (Figure 2). The Midale 
Evaporite, a 4-8m thick anhydrite bed [7], is at the base of the Ratcliffe and forms a largely impermeable seal 
directly above the Midale reservoir.  Below the reservoir, in the northern half of the Weyburn Midale Pool, there is 
another anhydrite bed termed the Frobisher Evaporite. Again, this is a 2-7m thick anhydrite unit that, where present, 
provides a seal to the downward migration of fluids from the Midale. Below the Frobisher Evaporite are the 
Frobisher and Alida aquifers. These are a series of variably porous shelf carbonates (limestones) deposited in shoal 
to lagoonal settings. 
Phase I divided the Phanerozoic strata of the Williston Basin 8 aquifers and 6 aquitards based on their hydraulic 
characteristics (Figure 3) [6]. The altered zone at the unconformity was not included as an aquitard in the original 
model, but now will be. The Frobisher evaporite, where present, provides a seal, however it is not deposited 
everywhere throughout the study area, and the new model will take that into account.   
4. Hydrogeology and Hydrochemistry 
The revised geological framework is being used to continue the regional hydrogeology and hydrochemistry 
research conducted in Phase I. Results from the Phase I system modelling identified fluid flow within the Midale 
aquifer, as well as downward flow into the Frobisher aquifer, as the dominant mechanisms for loss of CO2 from the 
sequestration site. Thus, a key focus of the current project is to further the understanding of fluid flow in the key 
Mississippian aquifers (Midale, Frobisher, Ratcliffe). Furthermore, in Phase I only “non-straddle” data (in-formation 
pressure tests and hydrochemical samples) were utilized (Figure 4) [8]. No use was made of more than 100 
additional “straddle” test samples to study the cross-formational flow between the Mississippian aquifers, because of 
their questionable applicability for individual aquifer characterization, and time-constraint issues for aquifer 
assignment. Final Phase investigations will also make use of 12 new DST’s within the study area. The hydrogeology 
part of the Geological Characterization theme is tasked with quantifying the regional flow directions (horizontally 
and vertically) and hydrochemical conditions for each each aquifer in and around the injection site. The ultimate use 
of this research will be to understand possible in-formation and/or downward movement of injected CO2 in 
conjunction with modelling studies and other components of the project (e.g., Risk Assessment). 
5. Conclusions 
With the addition of a higher resolution geologic model, in a larger area, taking into account “straddle” tests, a more 
accurate representation of CO2 migration and regional groundwater flow will be defined. Furthermore, the improved 
geocellular model will be applied in other disciplines including risk assessment and reactive transport models. Other 
research interests will benefit through the use of this central repository for geological and other technical data.
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Figure 1: Location Map showing the Williston Basin and surrounding structural elements (modified 
from Whittaker et al 2004). The Phase I regional assessment area is indicated. Enlarged area 
contains the Phase I risk assessment area, the Weyburn and Midale Fields , and the Phase II 
Geological Characterization study area ‘C’. Cross section A-A’ (Figure 2) is located in green on the 
map.
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Figure 3: 3D ‘System Model’ from Weyburn phase I risk assessment area. This also shows the 
aquifers and aquitards that will be modelled in Petrel for Phase II of the Weyburn Project. Red 
vertical lines show some of the well penetrations into the Weyburn Midale pool. 
Figure 4: Various configurations of straddle drill stem tests with respect to Mississippian 
structure and stratigraphy (modified from Rostron and Khan, 2005). This illustrates the 
regular inconsistency between the reported formation tests in the oil and gas databases 
versus identifying the intervals tested by employing a high resolution geologic model and 
packer location.
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